A conventional kinesin, KIF5/Kinesin-I, transports various cargoes along the microtubule through interaction between its light chain subunit and the cargoes. Kinesin light chains (KLCs) interact with many different cargoes using their tetratricopeptide repeat (TPR) domain, but the mechanism underlying recognition and binding of a specific cargo has not yet been completely elucidated. We used the yeast two-hybrid assay to identify proteins that interact with the TPR domain of KLC1. We found an interaction between the TPR domain of KLC1 and an amyloid precursor protein (APP)-binding protein PAT1 (protein interacting with APP tail 1). The yeast two-hybrid assay demonstrated that the TPR domain-containing region of KLC1 mediated binding to the C-terminal tail region of PAT1. PAT1 also bound to KLC2 but not to kinesin heavy chains (KIF5A, KIF5B, and KIF5C) in the yeast two-hybrid assay. These protein-protein interactions were also observed in the glutathione S-transferase (GST) pull-down assay and by co-immunoprecipitation. Anti-PAT1 antibody as well as anti-APP antibody co-immunoprecipitated KLC and KHCs associated with PAT1 from mouse brain extracts. These results suggest that PAT1 could mediate interactions between Kinesin-I and APP containing vesicles.
Introduction
Molecular motors (kinesin, myosin, and dynein) drive active transport processes within neuron [5, 7] . Kinesins are a family of molecular motor proteins that move along microtubules to transport membrane vesicles, organelles and protein complexes. Kinesin-I is the well-studied member of kinesin superfamily (KIF) [6] . Kinesin-I performs multiple distinct transport functions within the same cell. Kinesin-I is a tetrameric protein composed of two heavy chains (KHCs) and two light chains (KLCs) [6, 7] . The amino (N)-terminal heptad repeat regions of KHCs bind KLCs. In mice, both the KHCs (KIF5A, KIF5B, and KIF5C) and the KLCs (KLC1, KLC2) are encoded by different genes and distinct expression patterns [12, 17] . KIF5A, KIF5C, and KLC1 are expressed in neuron, whereas KIF5B and KLC2 are ubiquitously expressed [6, 12] . The KHCs consist of three domains: the N-terminal motor domain that contains the microtubule binding domain, the central coiled-coil domain responsible for dimerization of KHC and KLC, and the carboxyl (C)-terminal tail domain [6, 7] . Also, the KLC consists of three domains: the N-terminal coiled-coil domain that binds to KHC, the central tetratripeptide repeat (TPR) domain, and the C-terminal domain. The TPR domain of KLC is known to be involved in the binding of cargoes [2, 17] . Two isoforms of KLC exist in mice: KLC1, and KLC2. The KLC1 isoform is highly expressed in neuron and binds to several proteins [17] . The TPR domains shows very high sequence similarity between the two isoforms [17] and understandably, the KLC2 isoform shares several, but not all, cargo proteins with KLC1 [6, 10, 21] .
The TPR domain is known as a protein-protein interaction motif, which consists of multiple tandem repeats of 34 amino acids [21] . The structure of TPR domain reveals a helix-turn-helix arrangement for each TPR repeat and a superhelical conformation of multiple TPR repeats [2] . The first protein identified to bind to Kinesin-I through the TPR domain was the c-Jun NH2-terminal kinase (JNK)-interacting protein (JIP) group of scaffold proteins [16, 19] . Many different types of cargoes moved by Kinesin-I have been identified, including apolipoprotein E receptor 2 (ApoER2), amy-loid precursor protein (APP), mitochondria, and mRNA granules [3, 6, 11] . In some cases, these cargoes bind to soluble adaptor proteins/scaffolding proteins that mediate the attachment of kinesins to cargoes [6, 18] . Understanding how Kinesin-I becomes linked to particular cargoes and deciphering the regulatory mechanism for vesicle transport remain to be unsolved question. In this study, we screened for proteins that interact specifically with KLC1, and found protein interacting with APP tail 1 (PAT1), which interacts with APP intracellular domain [20] . The Kinesin-I and PAT1 interaction suggests that PAT1 contributes as an adaptor protein/scaffolding protein between Kinesin-I and APP containing vesicles.
Materials and Methods
Plasmid constructs Glutathione S-transferase (GST) pull-down assays cDNA encoding the full length PAT1 [20] was cloned in pET41a. The recombinant GST-PAT1 fusion protein was expressed in bacterial strain BL21 GOLD (Stratagene, La Jolla CA, USA) after induction with 0.5 mM isopropyl thio-β 
Results

Identification of KLC1 interacting proteins by yeast two-hybrid assay
To identify KLC1-interacting proteins, we used the TPR domain containing region (aa 80-541) of KLC1 fused to the DNA-binding domain of pLexA as a bait (Fig. 1B) and isolated positive clones from a mouse brain cDNA library. (Fig. 1A) . PAT1 has been reported to interact with the APP, the precursor protein of amyloid beta peptide (Aβ), which is the component of plaques in Alzheimer's disease [20] . The C-terminal region of PAT1 is contained the TPR domain that is also found in KLCs from all the species studied to date. From the isolated positive clones, KLC1 was found not to interact with the TPR domain of PAT1 (Fig. 1A) . KLC1 is composed of several protein-protein interaction domains, six TPR domains and one Rab5-binding domain (Fig. 1B) [17] . To determine the minimal binding domain of KLC1 that is required for the interaction with PAT1, we constructed several deletion mutants of KLC1. Yeast two-hybrid assays showed that the minimal domain required for binding was dependent on the sixth TPR domain of KLC1 (Fig. 1B) . Next we investigated whether KHCs (KIF5A, KIF5B, and KIF5C) and KLC2 interact with PAT1. As shown in Fig. 1B , the C-terminal fragments of KHCs did not interact with PAT1 but KLC2 bound to PAT1. Together, these results
show that the interaction between KLCs and PAT1 is mediated through the TPR domain containing region of KLC1. When the cytoplasmic region of APP was tested for KLC1-binding by the color assay, there was no detectable binding between KLC1 and APP ( Fig. 2A) . A quantitative β-galactosidase assay showed that KLC1 directly bound to PAT1 and KHCs (Fig. 2B ). These data indicate that the interaction of KLC1 with PAT1 is specific.
PAT1 is associated with Kinesin-I PAT1 has been known to interact with APP [20] .
Therefore, we next determined whether PAT1 interact specifically with KLC and whether the interaction includes APP at the protein level using GST pull-down experiments.
Recombinant GST-PAT1 fusion protein was expressed in E. coli. The purified GST fusion protein was allowed to interact with mouse brain lysates. Immunoblotting analyses revealed that KLC and APP interacted with GST-PAT1, but not with GST (Fig. 3A) .
To address the question whether the direct binding of KLC to PAT1 mediates the interaction between Kinesin-I and APP, we performed co-immunoprecipitation analyses.
Lysates from mouse brain were incubated with anti-PAT1
antibody or anti-APP antibody. Protein G-agarose beads selectively precipitated the immuno-complexes, which were then subsequently separated by SDS-PAGE and immunoblotted with anti-KLC, anti-KIF5B, and anti-KIF5C
antibodies (Fig. 3B ). As shown in Fig. 3B , both anti-PAT1
and anti-APP antibodies efficiently precipitated the Kinesin-I complex. This result suggests that the attachment of APP to Kinesin-I is mediated by KLC-PAT1
interaction.
Discussion
In this study, we have shown that KLC1 can associate with PAT1, a protein that specifically binds to APP. Using the TPR domain containing region of KLC1 as bait, we identified PAT1 in a yeast two-hybrid assay of a mouse brain cDNA library. Only sixth TPR domain of KLC1 interacts with PAT1. Furthermore, using a combination of GST pull-down assay and co-immunoprecipitation, we confirmed that PAT1 interacted with KLC at the protein level. Moreover, we showed that Kinesin-I complex can be co-precipitated with APP. Although we did not determine the specific character of APP containing vesicles, these results suggest that Kinesin-I transports APP containing cargoes through the interaction between KLCs and PAT1.
PAT1 was first identified in human cells. It has been reported that PAT1 was identified to be a cytoplasmic protein, associated with membranes, cofractionated with APP-containing vesicles, and interacted with microtubule in an ATP-sensitive manner. PAT1 was shown to enhance endocytosis of APP in neurons [5, 20] . In light of the homology between the TPR domains of PAT1 and KLCs, KLCs-like function of PAT1 has been proposed [20] . However, the sequence and structure similarities between the N-terminal regions of PAT1 and KLCs are low [20] . As described in this work, PAT1 did not directly interact with KHCs (KIF5A, KIF5B, and KIF5C) by yeast two-hybrid assay. These data indicated that PAT1 has no KLC-like function.
The TPR domains of KLCs are highly conserved across species, and the TPR domains are known to be involved in protein-protein interactions [2] . Several Kinesin-I cargo molecules have been shown to interact with the TPR domain of KLCs [3, 18] . For example, the c-Jun N-terminal kinase-interacting protein 1 (JIP1), a Kinesin-I cargo-adaptor molecule, interacts with the TPR domain of KLC [16, 19] . In this study, it was shown that PAT1 interacted with the TPR domain of KLC1.
In recent reports, many cargoes that bind to Kinesin-I through the TPR bundle have been identified, including 
